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RICHARD K. ROOT, MD: * Our speakerfor this conference
is Dr Sue Desmond. A graduate of the University of

Nevada School ofMedicine, she is completing her house-staff
training on the medical service at the University of Cali-
fomia, San Francisco, serving during this past year as an
outstanding Chief Resident at Moffitt Hospital. Her future
plans include fellowship training in hematology and on-
cology. She has chosen a particularly provocative title to
discuss, "Diet and Cancer-Should We Change What We
Eat? "

SUSAN DESMOND, MD: t In the May 8, 1986, issue of TheNew
England Journal of Medicine, an article entitled "Progress
Against Cancer?" attempted to address the overall progress
against this disease during the years 1950 to 1982.1 In 1962 a
total of 278,562 Americans died of cancer, a figure that in-
creased by 56% to 433,795 American deaths from cancer in
1982. Even when adjusted for population growth and aging,
this figure represents an increase of 8.7 %. Incidence rates of
all cancers are up in both white women and white men, a fact
that suggests a failure to control new cases of cancer. Mor-
tality data are especially striking for increases in deaths from
lung cancer, a clear-cut environmentally associated tumor.
There has been an apparent increase in mortality from breast
cancer among white and nonwhite women since 1950, and
mortality from cancer of the prostate in men has not changed
appreciably. Mortality from stomach cancer has decreased
due to decreases in incidence, and colon cancer has also de-
clined in mortality. The authors' interpretation ofthese data is
that "large monetary expenditures have led to increases in our
understanding of cancer, but not to decreases in incidence or
mortality."' Their conclusion is that a refocusing of our ef-
forts from treatment to prevention is in order.

Cancer and the Environment
It has been estimated that as many as 80% to 90% of all

human cancers are attributable to environmental influences

*Professor and Chair, Department of Medicine.
tChief Resident, Department of Medicine.

and are therefore preventable.2 This statement is based on the
assumption that the lowest rate for each type of malignancy
identified in worldwide surveys represents the "natural inci-
dence" of the disease and that environmental factors con-
tribute to the higher rates found elsewhere. For example, the
United States has an overall incidence rate of cancer in men
approximately 90% higher than that in Honduras, which has
the lowest international incidence. The excess deaths could
result from environmental factors specific to the United
States. There are problems with interpreting data such as
these, however, with a large number of "confounding vari-
ables," probably the most important being the age structure
of the various populations and the completeness with which
the causes of death are determined and reported. In the ex-
ample cited, Honduran men had a 1974 life expectancy of 52
years versus 68 years for American men, an especially impor-
tant confounding variable because 80% or more of cancer
deaths in the United States occur after the age of 55.

Even more striking than international differences in
overall cancer rates are those found in site-specific categories
in which, for commonly affected sites, tenfold to thirtyfold
differences are seen. For example, ifone compares the cancer
incidence in Bulawayo, Zimbabwe (formerly Rhodesia), and
Geneva, Switzerland, liver cancer rates are higher in both
men and women in Bulawayo, whereas the rates in Geneva for
colon and breast cancer far exceed the Bulawayo rates. In
fact, female breast cancer rates in Geneva are five times
greater than those seen in Bulawayo. Such pronounced inter-
national variations in site-specific cancer rates contain impor-
tant clues for understanding the etiology ofhuman cancer. 3

In the past, country-to-country variations in cancer inci-
dence were often attributed to racial or genetic factors. Today
most authors agree that these factors account for only a small
minority of cancers, with genetic factors directly responsible
for no more than 2% of all human cancers. In recent years, the
results of studies of migrant populations have severely under-
mined the concept of racially or genetically based carcinogen-
esis. Migrant populations basically exchange one environ-
ment and its carcinogenic risks for another and its risks.
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Because the genetic endowment remains the same in both
environments, any large variations from cancer rates in the
country of origin are best explained in terms of differences in
environmental exposure. Almost all migrant studies have had
the same findings: cancer patterns in migrants tend to approxi-
mate those in the adopted country and differ from the country
of origin.

Cigarette smoking is the best identified environmental
factor associated with cancer; other carcinogenic agents in-
clude radiation and chemicals (usually occupational expo-
sures) and viruses (a general exposure). With the exception of
smoking and occupational hazards, nutrition is probably the
most important environmental risk.

In 1984 the American Cancer Society published a list of
seven dietary recommendations for avoiding cancer (Table 1).
These include both avoiding certain foods, such as fats, and
including other foods in the diet, such as cruciferous vegeta-
bles.4

Obesity and Cancer
The observation that one should avoid obesity to decrease

cancer risk comes from both experimental and epidemiologic
evidence. It has long been known that laboratory animals fed a
low-caloric diet showed a decrease in chemically induced
tumors, but that high-caloric diets often were high in fats, so
that the effects of calories were difficult to separate from those
of fats.5 When mice are given gold thioglucose, however,
which induces obesity via a specific hypothalamic lesion,
there is a higher incidence of mammary tumors, so obesity
itselfmay increase tumor formation.6

The American Cancer Society did a long-term prospective
study over the period 1959 to 1972, drawing 750,000 men
and women from the general population.7 The lowest mor-
tality rates were found in those close to average weight and
those 10% to 20% below average weight. Mortality among
men and women 30% to 40% heavier than average weight
was nearly 50% higher than those of average weight. Excess
cancer mortality in obese persons was seen mainly in women,
who had more cancers of the gallbladder, breast, cervix,
endometrium and ovaries.

Dietary Carcinogens
One very noticeable feature of the American Cancer So-

ciety's recommendations is a lack of great emphasis on "car-
cinogens" in the diet. In fact, only with their final recom-
mendation to decrease the intake of smoked and cured foods
(because of their links to gastric and esophageal cancer) is this
concept addressed. Contrary to what was thought 20 to 30
years ago, food additives and contaminants have not, with the
exception of aflatoxin, proved very important in human can-
cers. Since the early 1970s there has been a shift in emphasis
to general food types in the diet and how they affect our cancer
risk.

Advances in analytic technology, especially the Ames
test, have disclosed that in experimental systems an aston-
ishing variety ofcompounds occurring naturally in the diet are
carcinogenic or mutagenic.8 Such commonly consumed food-
stuffs as celery, rhubarb, cocoa powder, tea, mustard, lettuce
and spinach contain potential mutagens or carcinogens. Ames
concluded, "Nature is not benign; no human diet can be en-
tirely free of mutagens and carcinogens."8 In fact, the very
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low concentrations at which most carcinogenic substances
occur and the large number of anticarcinogens found in the
diet minimize the overall hazard to humans.

Dietary Fats and Cancer
In the 1982 report of the National Research Council con-

cerning diet, nutrition and cancer, fats were singled out as the
factors for which the strongest association with cancer had
been made.9 Unsaturated fats contain one, two or more double
bonds, and their usual source is vegetable oils such as saf-
flower oil. Saturated fats, with no double bonds, are largely
animal products (with notable exceptions such as coconut
oil); examples include beef, butter, cheese and chocolate. It is
of note that in the period 1963 to 1977, Americans decreased
their intake ofanimal fats and oils by 47 %, but increased their
intake ofvegetable fats and oils by 58 %.
A large amount ofexperimental evidence has accumulated

regarding dietary fats and cancer. The mouse mammary
tumor system has been studied most extensively.10 The inci-
dence of tumors induced by chemicals or arising spontane-
ously in this system is increased by a high-fat diet, even with
careful control ofcaloric intake by using isocaloric diets.

This experimental finding has been confirmed in numerous
subsequent studies. In both rats and mice and with both spon-
taneous and induced mammary tumors, the animals fed a
high-fat diet have more tumors, with earlier appearance ofthe
tumors and more tumors per animal.1' Given at high levels,
polyunsaturated fats result in more tumor formation than do
saturated fats. I2 The total amount of fat appears to be more
important than the type of fat, as long as the animals are given
a small supply of dietary essential fatty acids along with high
amounts ofdietary fat. 13'14

The experimental data concerning fat and cancer are of
greater interest because of epidemiologic evidence showing a
strong positive correlation between the total amount ofdietary
fat available for consumption and the age-adjusted death rate
from breast cancer."I A major problem with information of
this type is that countries with a low incidence ofbreast cancer
tend to be relatively underdeveloped, such that any variable
related to economic development is likely also to be related to
breast cancer incidence-indeed, there is also a linear correla-
tion between the gross national product and the incidence of
breast cancer.

For the period 1968 to 1972, the annual age-adjusted
incidence of breast cancer in Miyagi, Japan, was 13 per
100,000, while the corresponding figure for Connecticut was
71.4 per 100,000. The risk in the US city was 5.5 times
higher than that in Japan and increased to 8 times higher if
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only postmenopausal women were studied. In two different
surveys carried out in 1968 and 1969, Americans were found
to consume three times the amount of fat as did the Japanese.16

The incidence of breast cancer has recently been in-
creasing in Japan, with a doubling of mortality rates from this
disease from 1955 to 1975. Surveys of various districts in
Japan showed that the incidence in breast cancer rates corre-
lated with those districts where fat intake had increased. In the
1950s to the 1970s there was an increasing westernization of
the Japanese diet, with increased fat intake, increasing weight
and an earlier onset ofmenarche.17 18

Several different mechanisms have been proposed for the
relationship between dietary fat and breast cancer. These in-
clude hormonally mediated changes, fat-induced obesity it-
self, changes in immune response and changes in membrane
properties. Hormonal changes have been studied in this re-
gard.19 In rats the enhancing effect of dietary fat appears to be
mediated via prolactin,20 but there has been no convincing
evidence for a role of prolactin in humans. Estrogens assume
particular importance in the current concepts of the possible
role of obesity in postmenopausal breast cancer. Postmeno-
pausal circulating estrogens are largely derived from the aro-
matization of androstenedione, resulting in the formation of
the estrogen estrone. The principal site for this conversion is
adipose tissue, and the composition of adipose tissue depends
in part on the diet. The older and more obese a woman is, the
greater her peripheral estrogen formation.21 Studies looking
at hormone levels in patients with breast cancer have had
mixed results. Recently investigators have begun to measure
hormone levels in breast secretions.

Dietary Fiber and Cancer
Of all areas of interest in this field, the one receiving the

most media attention is the fiber hypothesis. One needs only to
read the back of the morning cereal box to get the latest
information from the National Cancer Institute on diet and
cancer. Interest in the relationship between dietary fiber and
large bowel cancer is largely the result of Dennis Burkitt's
observation of low colon cancer rates in areas of Africa where
fiber consumption and stool bulk are high.22 Burkitt proposed
that a high-fiber diet would effectively dilute out carcinogens.
He found that African villagers had a stool bulk about four
times that of English boarding-school pupils. The finding of
increased stool bulk with high-fiber diets has since been con-
firmed by other authors and is thought to be due to indigestible
fibers contributing directly to stool bulk as well as water
adsorbed onto the fiber.

Burkitt and co-workers also proposed that diets low in
fiber lead to a slow transmission of dietary components
through the gut. The slow transit time may allow a longer time
during which carcinogens present in the gut may be in contact
with the gut wall.23 The concept of a decreased transit time
due to fiber intake has been questioned. Studies have shown
that patients with a stool transit time of a day or less (compa-
rable to the irritable bowel syndrome) actually have a longer
transit time when fiber is added to their diet. Other aspects of
Burkitt's fiber hypothesis have also been questioned, espe-
cially his emphasis on cereal fiber. African diets are actually
low in cereal fiber, with most of their intake consisting of
fruits and vegetables.24 Also, despite the emphasis on the
fiber they contain, fruits and vegetables are high in vitamins A

and C, as well as other substances that may exert a protective
effect.

One problem with interpreting the dietary fiber data is the
wide variety of fiber types termed "dietary fiber, " some more
digestible than others. There are two major classes of fiber:
polysaccharides and lignins. The most digestible fiber types
are those found in fruits and vegetables; the least digestible
are lignins, which are mainly found in cereal brans.

Results of experimental studies of the effect of fiber on
colon carcinogenesis have been mixed, largely because of
major differences in the fiber used in different animal spe-
cies.25 Epidemiologic studies have also been inconclusive.
Fiber intake is generally higher in countries with a low inci-
dence of colon cancer, but studies done in Canada, Puerto
Rico and Hong Kong showed no protective effect of fiber. The
protective effect is more readily seen in populations with a
high fat intake, as in studies comparing the diet of rural Scan-
dinavians (high fat, high fiber) with that ofNew Yorkers (high
fat, low fiber) in which the latter had a higher colon cancer
rate.26 In one study done of American blacks in the San Fran-
cisco Bay Area, the relative risk of colon cancer among
blacks with a low-fiber, high-fat diet was 2.68 times greater
than in blacks with a high-fiber, low-fat diet.27 Overall, epi-
demiologic evidence to date suggests that dietary fiber plays a
role in protecting the colon against carcinogens, but that other
factors may be equally or more important.

Dietary fats are thought to play an important role in colon
cancer etiology. Epidemiologic correlations can be made be-
tween the amount of dietary fat available for consumption and
colon cancer rates. Countries with a high rate of breast cancer
commonly have higher rates of colon cancer as well. Experi-
mental evidence suggests that rodents fed a high-fat diet have
increases in colon cancers induced by various carcinogens.
Unfortunately, many of these studies did not control for ca-
loric intake.28

How do changes in diet affect colon cancer incidence?
Primary and secondary bile acids are thought to play a role in
colon carcinogenesis, not as inducers, but as promoters. The
theoretic basis for the carcinogenic activity ofthe bile acids is
their structural similarity to such hydrocarbons as methyl-
cholanthrene, a known potent carcinogen, and the possibility
of bacterial conversion of bile acids to carcinogenic com-
pounds. The yield of chemically induced colon cancers in rats
is significantly increased when bile acids are given intrarec-
tally.29 Bile acids alone produce no tumors, suggesting that
the bile acids produce their effects as promoters. In the animal
model, the carcinogenic effects of azoxymethane are in-
creased by surgically diverting bile to the middle of the intes-
tine, a procedure that increases fecal bile acids. An increase in
fat in the duodenum is known to stimulate bile acid release,
and a western diet has been linked to an increase in the fecal
content of bile acids. A diet high in fat and low in fiber may
also change gut flora towards more anaerobic bacteria that are
better able to convert primary to secondary bile acids and are
postulated to change bile acids to carcinogenic compounds.

Dietary Cholesterol and Cancer
Cholesterol is the obligate precursor of bile acids, a fact

that is of greater significance in light of recent studies on
cholesterol and cancer. Population studies have shown a
strong positive correlation between the per capita consump-
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tion of cholesterol and regional differences in colon cancer
rates. Also, international rates of coronary artery disease
mortality (linked to a high-cholesterol diet) are seen to be high
in areas with high rates of colon cancer. Animal studies have
shown cholesterol to be a potent dietary cocarcinogen.30 De-
spite these facts, at least eight studies have shown a statisti-
cally significant inverse association between blood choles-
terol levels and total cancer mortality, especially at
cholesterol levels of less than 190 mg per dl.31 Virtually all of
the evidence relating blood cholesterol to the subsequent de-
velopment of cancer is drawn from long-term prospective
cohort studies in which cardiovascular disease was the end
point of principal interest. One ofthe key questions is whether
the inverse relationship reported in some of these studies
could be due to the fact that these cohorts had persons with
cancer at the time of entry, with already depressed cholesterol
levels due to their cancer. If one eliminates persons who died
within the first two years of their base-line studies, the inverse
relationship persists in three studies-that is, a low serum
cholesterol level associated with a subsequent higher cancer
death rate. Not all published studies have shown such a rela-
tionship; in eight studies there was no relationship between a
low serum cholesterol level and increased cancer mortality,
and, in fact, two showed a trend toward a positive relation-
ship.

An apparent paradox is raised by these data: the evidence
from some prospective studies points to a possibly harmful
effect of a low serum cholesterol level, yet the studies of diet
point to a relationship between an increased intake of choles-
terol and an increased cancer risk. It has been hypothesized
that the relationship of cholesterol intake to cancer is found in
a subgroup of the population with a high intake but low blood
levels due to increased excretion of cholesterol.32 An effort to
reduce serum cholesterol levels by the use of clofibrate led to
the unexpected result of a 25% higher mortality in the clofi-
brate group than in controls. A small part of this increase was
due to more cancer deaths in the clofibrate group. Although
not statistically significant, the 11 colon cancer deaths in the
clofibrate group versus 6 in the controls raises a concern about
a potentially harmful effect of exposing the colon to higher
amounts of cholesterol.33 Supplementing the diet with large
amounts of polyunsaturated fats in rats caused a shift of cho-
lesterol from the systemic circulation to the gut lumen and an
increase in large bowel tumors.34 It is clear that the cholester-
ol-cancer relationship is a complex one. Future studies should
be done with a look not only at serum cholesterol levels, but at
cholesterol excretion as well.

Cruciferous Vegetables and Cancer
In an attempt to better understand the relationship between

diet and colon cancer, a large number of dietary surveys have
been done. In spite of the many differences in design and
method of selecting controls, several studies of diet reported
by patients with colon cancer suggest a protective effect of
vegetables. In addition to containing fiber and vitamins A and
C, vegetables are also known to contain materials that are
capable of inhibiting experimentally induced tumor forma-
tion. Human cells, especially hepatocytes, are well adapted to
detoxify foreign compounds and to produce excretable metab-
olites. One prominent example is the mixed-function oxidase
system, which has the ability to detoxify many of the known

carcinogens. In nature there are numerous compounds with
the capacity to induce the activity of these detoxifying
systems and to inhibit experimental carcinogenesis.35

One of the best studied examples of this inducer phenom-
enon is seen in the vegetables ofthe Brassicaceae family, such
as brussels sprouts, cabbage, cauliflower and broccoli. These
vegetables contain large amounts of indoles, which are known
to induce increased activity of the mixed-function oxidase
system that breaks down polycyclic aromatic hydrocarbons.
Studies of animals have shown that increases in this activity
can protect against neoplasia induced by hydrocarbons.36

Vitamins, Minerals and Cancer
The American Cancer Society recommends including

foods rich in vitamins A and C in the diet, a recommendation
that is derived from recent work done in the area of "chemo-
prevention." Chemoprevention is a rapidly growing area of
research based on the concept that the public is more likely to
accept prescription than proscription-that is, would rather
add to the diet than to take away. In addition to vitamins A and
C, vitamin E and the trace mineral selenium are thought to
have potential roles in preventing cancer.

As seen in Table 2, the "conservative" recommendations
for cancer prevention involve ingesting doses higher than the
recommended daily allowance of these substances, an impor-
tant fact, as each is potentially harmful at very high doses.37
Preformed vitamin A is found in liver, butter, whole milk,
cheese and egg yolk, and vitamin A's precursor (3-carotene is
found in green and yellow vegetables. Although a sustained
high intake of 3-carotene leads only to reversible skin discol-
oration, long-term doses of vitamin A ofmore than 25,000 IU
per day result in significant toxicity, which may include exfo-
liative dermatitis, dry mucous membranes, headaches, emo-
tional lability, fatigue, epistaxis, edema and liver function
abnormalities with hepatomegaly. Vitamin E is the least toxic
of the fat-soluble vitamins, but doses of higher than 1,200 IU
per day are reported to cause nausea, diarrhea, intestinal
cramps, skin reactions, myopathy and gonadal dysfunction.
Although most patients taking high doses of vitamin C have
no side effects, doses of 2 to 10 grams or more daily may
result in acidosis, oxaluria, diarrhea and nephrolithiasis. Like
vitamin A, selenium at high doses can lead to serious and
irreversible side effects, including multiple dermatologic ab-
normalities and peripheral nervous system dysfunction.

Oxygen-free radicals are thought to be a common mecha-
nism through which many carcinogens act. Vitamins C and
E, $-carotene and selenium are all known to protect against
free radical damage.38 In addition, vitamins C and E inhibit
nitrosamine formation. The role of vitamin E in preventing
human cancers is largely unexplored, and the modifying ef-
fects of vitamin E in animals treated experimentally with
carcinogens have been variable. Much more work has been
done with vitamin C, with protective effects seen in human
stomach, esophageal and laryngeal cancers, as well as cer-
vical dysplasia. Linus Pauling and others have examined the
possible role of vitamin C in extending survival in advanced
cancer. In a series of 100 cases compared with 1,000 histor-
ical controls drawn from a review of records, they claimed a
striking survival advantage in their patients given 10 grams of
vitamin C daily.39 This work has been questioned, and recent
double-blind, randomized studies done at the Mayo Clinic

THE WESTERN JOURNAL OF MEDICINE76



DIET AND CANCER

P7Preventin7g Cancer'

;'~ -m takNe 25 0C0d.
ar <e 300.0C-ni 000.000

/00

.~~~~~~~~~~~~~~~~~~~~~~~~~~

have shown no prolongation of survival in patients with ad-
vanced cancer given the same dosages ofvitamin C. 40

Selenium, an essential trace element, has a key role in the
activity of the enzyme glutathione peroxidase, which protects
against oxidative damage to cells. Both internationally and in
the United States, geographic areas with low selenium levels
in the soil or in blood specimens have higher cancer rates than
in high-selenium areas; the strongest inverse relationships are
seen with breast and colon cancer. These data should be inter-
preted cautiously, however, as high selenium levels in soil
tend to occur in more rural areas, and variables other than
selenium may be more important. Experimental evidence,
however, points to a possible anticarcinogen role for sele-
nium. In tissue cultures, selenium reduces the metabolic acti-
vation of certain carcinogens, altering the pattern of degrada-
tion to less toxic metabolites. In a large number of animal
experiments, using a wide variety of inducing agents, seleni-
um-supplemented animals have had tumor incidences approx-
imately half those of control animals.41 Overall, selenium
remains an intriguing possible chemopreventive agent, but
toxicity currently limits its use to the experimental setting.

Some of the most exciting research in the area of chemo-
prevention has been done with the retinoids. The precursor of
vitamin A is fl-carotene, the major carotene in the diet. ,B-Car-
otene can be oxidized to the aldehyde retinal, then to the
alcohol retinol. Naturally occurring retinols are toxic in hu-
mans if ingested in high doses, so that a number of retinol
analogues have been studied, especially all-trans-retinoic
acid, 13-cis-retinoic acid and etritinate.

The results of many epidemiologic surveys imply that
there is an inverse relationship between some forms of cancer
and the intake of f-carotene as well as of retinol. Possibly
fl-carotene itself exerts a protective effect, as it is known to be
a potent free radical scavenger.42 Studies have shown that a
matched population with a lower consumption of vitamin A
had an increased incidence of lung cancer. This type of study
has also shown positive results in patients with esophageal,
laryngeal and bladder carcinoma. Other data, such as those
from the Hypertension Detection and Follow-up Program,
have failed to show a relationship between retinol and reti-
nol-binding protein and the subsequent development ofmalig-
nancy over the next five years.43 Possibly the most important
question of all concerns the issue of cancer prophylaxis with
vitamin A analogues in the general population. The National
Cancer Institute is currently funding about 16 studies of the
use of vitamin A analogues or fl-carotene in either the general
population or in high-risk groups to test a possible lowering of
cancer mortality.
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Regardless of the outcomes of these studies, it is clear that
study ofthe relationship ofvitaminA and cancer on an experi-
mental level can teach us something about the basic processes
ofcarcinogenesis.4

Retinoids are potent agents for controlling cellular differ-
entiation and proliferation. Data gathered from animals ex-

posed to carcinogens or from carcinogens added in tissue
culture systems almost universally support a preventive role
for vitamin A and other retinoids in cancer development.
Vitamin A deficiency produces squamous metaplasia; excess
vitamin A leads to mucous metaplasia in previously normal
keratinized squamous epithelium. The premalignant pheno-
type of mouse prostate glands that have been treated with the
carcinogen 3-methylcholanthrene can be altered by retinoids.
The atypical epithelial cells that are induced by the carcin-
ogen disappear on retinoid treatment of the organ cultures and
are replaced by cells with more normal morphology.45

In cell culture studies, retinoids can be clearly shown to be
suppressors of the malignant phenotype in cells previously
treated with carcinogens. Removing the retinoids allows ex-
pression of the transformed state. Even more promising, reti-
noids can change the differentiation of invasive neoplastic
cells growing in culture. For example, in the human promye-
locytic leukemia system, retinoids can induce terminal differ-
entiation of malignant leukemia cells, leading to formation of
morphologically mature granulocytes, which have functional
markers of mature neutrophils.46 In summary, retinoids can
suppress experimental carcinogenesis in vivo, can suppress
development ofthe malignant phenotype in vitro and can even
exert effects on some fully transformed and invasive neo-
plastic cells.

Conclusions
A cautious observer would conclude that more research in

the area of diet and cancer is needed. If one looks at smoking
and lung cancer as a model, however, it is reasonable to
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change behaviors before all of the data are available, poten-
tially changing the cancer risks for millions ofpeople. Table 3
outlines several recommendations based on currently avail-
able data.
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